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CIVIL ENGINEERING (PAPER-II}

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
{Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the

space provided. No marks will be given for answers written in a medium other than the
authorized one.

-

Wherever any assumptions are made for answering a question, they must be clearly indicated.

Diagrams/figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@WUs—A / SECTION—A

1. (a) viwma TR T8 9R P R A9 T wEE 87 AR R fRR weER A i whifa @ gl
37wl % aRaE # g Tew TR IR e 27

What do you understand by percent swell and load factor? How is the load
factor related to swelling of the material? How does it affect the transporting of
material? 10

(b) TF GHEA-ER F A Three R € 35,000 B a9 g 12 9§ STF B T 7 g
g IR T 3,00,000 F srerfa I & wgEifta mow g A S R, @ 9 onifi @ T -
o 30 =¥ 3R =@

=N R H 8% AAR gy P FHiftm & w0 srgyifte s o Fossd @ a1 [ 59 9@
BN 39 3| H R F o fas Al

A shop building gets an annual rate of return of ¥ 35,000. The future life of the
building is estimated as 12 years. But if recommended repairs are carried out
immediately at an estimated cost of ¥ 3,00,000, it is expected that the building
will last for 30 years more.

Assuming the rate of interest as 8%, determine whether it is economical to
carry out the recommended repairs or leave as it is. Justify your answer. 10

fc) W TS T 7 TH-TE F 10 m [ A A R SN CF T 9 F A gura Ta
%1 Fuitor i 7f 99% 9 65 N T 29 #1 9 @R 97 062 N #| E =200 GPa @
ITRA TS F GG 8 mm?2 i)

What is normal tension? Determine the normal tension for a steel tape
supported between two supports 10 m apart if the standard tension is 65 N
and the weight of the tape per metre is 0-62 N, Take E =200 GPa and the area

of cross-section as 8 mm?2, 10

{d) T v w27 o Tt srEEEl | aEie ge Ul w1 et wAET) Jelt TR F e %
o % fog e fm-fEw €7

What is rotary intersection? Sketch rotary showing its various elements, What
are the guidelines for selecting a rotary type of intersection? 10

fe) ¥ A IR F AW T AR UF 8° I WY 5° & geF 9% § faula o 3§ vumaha de
2, A U € R ARieyn ol R ) e B gk ger e wostiteen st fa
45 km/hr %)

If an 8° curve track diverges from a main curve of 5% in an opposite direction in
the layout of a BG yard, calculate the superelevation and the speed on the
branch line if the maximum speed permitted on the main line is 45 km /hr. 10
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2. (@) I Aol wE afdeE f e, % wee T el v qn SR 6 T wem w
T B Ty B ud Wi W9 FA i srgafy wem Fd o bR @yt ait & 5%
% WGuwer ®f FH W B S T F TF 8 98 PAH B e R ) e e o 0w 9r
1 TR STE U aeE IR AR | Nieurer Ui aieem % gn @9 % 6 WR 9R I
S B o9 (Sifas-a) $oft W a1ffs =99 R 15% | 392R 5 aFa o 1 o Hifre 7R
g IgA AT W 10% W =1fa war B

-

faar T (W) aRgTErYy (WIE) T /AT (T TR)
A 0 2 4-5
= B 1 3 4
c 3 1-5 12
D 3 1 15
E 35 15 4
F 5 1 20
il firard @3 #

The table given below shows a project’s activities along with starting and
finishing time and the budgeted cost. The conditions of contract allow
measurements to be made monthly and payment of the amount certified less
5% retention to be paid to the contractor after a month of submission of bills.
The first bill will be submitted after a month and subsequently every month.
The retention amount is to be released after 6 months of completion of the
project. The annual interest rate is 15% on locked-up capital. Calculate the
total profit of the contractor if he earns 10% profit on the quoted cost :

Activity Starting (month)  Duration (month) Cost/month (lakh rupees)
A 0 2 4-5
B 1 3 4
c 3 1-5 12
D 3 1 15
E 3-5 1-5 4
F 5 1 20
All activities are independent. 20

(b} T &3 (sffen) & v wgE TomEl | wE fB-avfi FEW (7 m) # 60 m BN W 9E 7
Ifew TR 40 km/hr 8| W90 9% 6t @ o Faion i) aft feg S 60° B, @
o ) gogel e v wEi-En ) aerd W i five) om i, e = 007; IRieR
W e =607 1; C= 50 , Jfhad 0-8 W@ <ad 0-5 % HH; JEied™ 1 gaE

T5+V
Fizw 6 mErEr W)
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A two-lane pavement (7 m) on a National Highway in hilly terrain {snow-bound)
has a curve of radius 60 m. The design speed is 40 km/hr. Determine the
length of the transition curve. Determine the total length of the curve and the

tangent length if the deflection angle is 60°. Assume e = 0-07; the rate of

attainment of superelevation = 1 in 60; C=?5£Q_I;' subject to maximum of
+

0-8 and a minimum of 0'5S; rotation of superelevation about pavement
centreline, 15

o) Tfafiaa Fama wSis o oot 9ad 1@ TF 4 m F AT @re 6 gedl A 999 T
arcfl S W 30 m % e | fom g § . -

0-680, 1-455, 1-855, 2-330, 2'885, 3-380, 1-055
1:860, 2-265, 3-540, 0-835, 0-945, 1-530, 2-250
R farg %1 w9FI 7@ (3 wEo) 80-750 m | |
(i) & g H G I8 aa FT wd I e 1 vk Hifm)
(iip wfmEE iy gr et = wrim Hifto)

fiti) FA T Hfom farg =t S Tl Yar ) yavmr w1 fuio i) afenBs 9% = @
i |

The following consecutive readings were taken with a dumpy level and a 4 m
levelling staff on continuously sloping ground at 30 m intervals :

0-680, 1-455, 1-855, 2330, 2:885, 3-380, 1-055
1-860, 2-265, 3:540, 0-835, 0945, 1-530, 2250
The RL of the starting point was 80-750 m.

(i) Rule out a page of level book and enter the above readings.
) Carry out reductions of heights by collimation method.

(@) Determine the gradient of line joining the first and last point, Apply
arithmetic check. 15

3. o) Tm w ¥ fafm TR A fAgy @ 9D 9 ey A e T 12 6 1 F som
(Femee), P o6 = F wm A o da AP B T T vl B W wew ¥
mﬁ-%@uaﬂzaﬁﬁmﬁﬁziﬁmm(aomomo)%w%,aﬁﬁnm—ﬁa%ﬁq ]
AEvEs wft arEEEl H e AR g s 1144 em R mn 8 ‘

Enumerate various types of track junctions. Calculate all the elements
required to set out a 1 in 12 turnout taking off from a straight BG track with its
curve starting from the toe of the switch, i.e., tangential to the gauge face of the
outer main rail and passes through theoretical nose of crossing (TNC}. The heet
divergence is given as 114 cm. 20
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(b) ©F WFA wEHA H wAENE A # fere) 2000 m o T i W AC i Pom-eg
m}@w%mﬁvﬁﬁmﬁ%wﬁAﬁc#ﬁWWWﬁm%lﬁwﬁq

VR § :
t aeard (m) R
AB — 360°00:00”
AD 731 113°48'00~
DE 467 81°18°00”
EF 583 105°57°00”

FC #) 2o+ wvan 1 Rpam =1 siftsem 6

Enumerate the methods of adjustments of a closed traverse. A straight line AC
of length 2000 m is required to be set out at right angle to a given line AB. This
is done by traversing from A towards C. The observations are as follows :

Line Length {m) Bearing
AB — 360°00'00"
AD 731 113°4800”
DE 467 8171800
EF 583 105°5700”
Compute the necessary length and bearing of FC. 15

(c) ?ﬂﬁzmﬁﬁqaﬁmﬁmﬁnﬂmﬁwaﬁ@ﬁmlmqﬂwﬁ%mmﬁz%aﬁﬂmﬁ
= ofi Tuisy (WA diddie Wi ¥ )

Specify the laboratory tests conducted on cement. Also indicate the permissible
values of the cement for corresponding tests (for ordinary Portland cement). 15

4. (o) TG P A fAm yER F Sie = 7

fertferita sraenadl & fe Wiz sehie vz ¥ v T (SRW) B 99 W STeT iR -
FifiEeT T IR = 4100 kg :
FPFTT VR @ = 40%
TR U = 20 em
Mg H N8E = 2 cm
T (Siaw) 93 § SR e wfse = 1400 kg/em 2
T3 (<) o 3 gy svww afme = 1000 kg/cm 2
Fehie A A ano yfvwed = 100 kg/om?
AYFR F K 9H = 8 kg/cm 3

E = 3x10° kg/cm?
u=015
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What are different types of joints in rigid pavements?
Design a dowel bar system for a cement concrete slab for the following
conditions :
Design wheel load = 4100 kg
Design load transfer = 40%
Slab thickness = 20 cm
Joint width = 2 cm
Permissible flexural stress in dowel bar = 1400 l«;g/cm2
Permissible shear stress in dowel bar = 1000 kg/cm2
Permissible bearing stress in concrete = 100 l{g/Cl'n2 -
K value of subgrade = 8 kg/cm3
E = 3x10° kg/cm2
u= 015 20

(b) 20 I el Tk wnd F e Peafain et = swEm W T e ey e |
@ HIT :
Y& I H IR = 18 A
AR 1 AgT whAY = 2-5 kg/A
TrEl # i = 50 km Wfd 921
SHFAY W SAF IR = 120 A
WEA w96 = 12
{61 §5F 1 AZA AR = 35 kgfe

Find out the steepest gradient on a straight track using the following data for
a train having 20 wagons :

Weight of each wagon = 18 tonnes

Rolling resistance of wagon = 2-5 kg/tonne

Speed of the train = 50 km/hr

Weight of locomotive with tender = 120 tonnes

Tractive effort of locomotive = 12 tonnes

Rolling resistance of locomotive = 3:5 kg/tonne 15

) () e F AiREE § A9 w1 e §7 weR sl % g e e e m feEn
HA? TH T F gy e @ g Hiv aR few SoEy o 7 stifaama Pt
T = B 1 e Mm% fore v ™ o § 7 9g e @t

(i) w8 % fafta St g s

iy What do you understand by the orientation of the building? What factors
will you consider with respect to building orientation? Justify with an
example if you have to decide the orientation in cold climate zone. Will it
be different in India and Australia for same season? 10

fii) List the different defects in timber. 5
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5. {a) ﬁag@uﬂaﬁmﬁaﬂﬁq,@w-ﬁﬁmﬁam%@tsﬁmwﬁamaﬁ
TR |

Give five main human actions that affect the hydrological cycle and identify the
components affected by each of these. 10

(b) 18 m e ATeh T SREE FaaTd i i 200 mm B % AAE F 3@ H Fufm
HT | ZieET F Tvarq T § 9@ B TEE 12 m g1 Fa H Ierad 25 m Wiy &3 7 R
A 99 H B9 250 m R

Determine the yield from a tube well of 200 mm radius penetrating in an
unconfined aquifer of depth 18 m. The depth of water in the well, after
drawdown, is 12 m. The permeability of soil is 25 m/day and the radius of the
circle of influence is 250 m. 10

| (c} @@mmﬂaaazsoo%ﬁm%,ﬁaﬁ%mw@wﬁwﬁ%mﬁaﬁﬁ

| daa T 20% 3R 40% B S % §@ W T EEal F g To@pM ()
750 ¥aRR IR FHE T 1800 IR T HEE ¥ M F g@ T T P I i
aft Toram Wi, haa AEEED F 120% Bl

A watercourse has culturable commanded area of 2600 hectares, out of which
the intensities of irrigation for perennial sugarcane and rice crops are 20% and
40%, respectively. The duties for these crops at the head of watercourse are
750 hectares/cumec and 1800 hectares/cumec, respectively. Find the
discharge required at the head of watercourse if the peak demand is 120% of
the average requirement. 10

(d) STfRE ¥ 5% age@ R B g e Ao o e % R Fefaaa Yeo fow Mg -
T T SR 6T T ar e st R gelt StedA (So 3lle) = 36 mg/L
T T 1 el AaeE (o 3o) = 0-8 mg/L

5 & % FHEA (FRETE) % 9T, O T 6 gel
A (e 3Mo) = 0-7 mg/L

a‘lﬁﬁq?ﬁﬁﬁ:
i) 5% Frsfio 3o Do
(i) =@ o Mo o

e IOEE W FF e FdE 0-12 1R il
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During BOD test conducted on a 5% dilution of waste, the following
observations were taken :

DO of aerated water used for dilution = 36 mg/L
DO of original sample = 0-8 mg/L
DO of diluted sample after 5 days’ incubation = 0-7 mg/L

Compute :
(i) 5 days’ BOD
(i} Ultimate BOD
Assume deoxygenation constant at test temperature as 0-12, 10 s

fe) ﬁﬂ%@am%mwmmiﬁﬁﬁmﬁﬁmwz
IR T T 9 51 1 e = 3 PR oo why R
e At = 4 62
TATE %1 9 = 10 cm Wi fire
Find the dimensions of a rectangular sedimentation tank for the following
data :
Volume of water to be treated = 3 million litres per day
Detention period = 4 hours
Velocity of flow = 10 cm/min 10

6. (o) d-gave il T o Y a § Freaor € e S R g e 9 am ae § fRe
e e, fed wds & el 15 m ¥ 3w e ot sl § v 3 ot g W e A |
= Al § Ry €)1 aw § frewor B o S |

e st mewt, d 37 (m/s)
(m) 02d W 06d W 0-8d W

1 0-4 0-4

2 07 0-76 0-70

3 1-2 1-13 1-19 -‘
4 14 125 1-29

5 1-1 109 113

6 08 069 065

7 0-45 0-42
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To compute the discharge in a small stream by velocity-area method, the
stream width was divided into seven segments of 1'5 m width each. The
average depths and the velocities measured in the segments by current meter
are given in the table below. Compute the discharge in the stream :

Segment | Average depth, d Velocity (m/s)

o (=) at 0-2d at 0-6d at 0-8d
1 04 04

2 07 076 070
3 Iz 1113 1119
4 1-4 1-25 129
5 1-1 1-09 113
6 08 069 0-65
7 0-45 0-42

(b) TG F TER F T B ANAA T A T FRE AT 57

What are the main factors that affect the selection of type of dam?

20

15

{c) TH 100 km? ¥ AER-83 F 1 0 F JAWA 5 Y THRT TG 4 = § wE Sow
TR-8Tha RwH A9 TiY IgER a9 §

W b
o O

&7%e (km?2)
S

10 g
10 //%

01 2 3 4

30

-

40

57

hr)

5 6

TH 6 5 F THEA F WARE av wgdmns it wifwl Frefafae ¥ -

auaq (hr)

0--1

1-2

2-3

34

4-5

56

yrEt W (mm/hr) 5

10

20

15

10

5

T ATE-89 F Fedare Sae@ H e % e w-daea Bl w0 @ i)
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A 100 km? catchment has a 4-hour concentration time with 1-hour intervals,
resulting in the time-area histogram as shown below :

—_ 40
% 40
_E 30
;—’30‘
2 20t 2
< 10 7
10 //
/l B .
012345 6 o
Time (hr)

A 6-hour storm has the following effective rainfall hyetograph ordinates :

Time {hr} 0-1 1-2 2-3 34 4-5 >6
Effective rainfall {mm/hr) 5 10 20 15 10 S

Use the time-area method to calculate the outflow hydrograph for this
catchment. 15

7. (@) IS % RG W ST TR §U T THAAS Tl ACH F A0TRET BTN Hifdw AT
g 1-0 T8 A % 34 o 0 = 0-0225 F Wy Wi w G 30 m3 /s ¥ AW
Sfifs % aa yaor 5000 1 % suaR § ofr aue) |t ) oed Yave 1 H : 2 V R

Design a trapezoidal alluvial channel using Kennedy’s theory. The channel
carries a discharge of 30 m3/ s with critical velocity ratio 10 and Manning’s
roughness coefficient n equal to 0-0225. Assume that the bed slope is equal to
1 in 5000 and the trapezoidal channel has side slope of 1H : 2 V. 15 |

(b) 30 km? FTHA  UF FEE-8F T 4 T H @Y H 40 mm R 30 mm TRE A
FAME AW FR AER-47 % Frin w yaw w1 Praftifen seom soaw gen -

FvfF sy (g [-12| 0 |12 | 24 | 36 | 48 | 60 | 72 | 90 | 108
e warg (m/s) 7 | 5 |15|27|22|17|13]| ¢ | 5| 5

% Fa arqd W@R 5 m3 /s T gy avifte T ¢-gusie w1 Hui fif)

The rainfall of magnitude 40 mm and 30 mm occurring on two consecutive
4-hour durations on a catchment area of 30 km? produced the following
hydrograph of the flow at the outlet of the catchment :

T¥me from start of
rainfall {hr)

Observed flow m3s) | 7 | 5 | 15|27 |22 |17 |13| 9 | 5 | s

-12 0 12 | 24 | 36 | 48 | 60 | 72 | 90 | 108

Assuming a constant base flow 5 rn3/s, determine the rainfall excess and
¢-index. 20
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(c) TR U ITIR €43 ¥ o0 yowem At & forg awgfesw safy, siem = gk
(Tho/Tho) ¥ AW (kg o Mo Fo ¥R R ¥ kg Wo THo whe T ),
Ho 3o Lo FrewrEa Hit W (%) e AR s H ang (R F) = Rako wifvg

3RE IA FAE = 45000 m3 Wi R+
AT €l F AT = 15000 m3

FHa-arat dto e fo = 250 ppm

wig-arE do o Ao = 25 ppm

T sa Prefed 3@ wad (T0o Teo o W) = 2500 mg/L
afgwa & FEfm 3w @y = 50 mg/L

aqfite stavs & Feifaa 3@ w=rf = 11000 mg/L
FURTE FUH H A = 220 m> v &=

Determine the aeration period, food to microorganism (F/M) ratio (in
kg BOD/day/kg MLSS), percentage (%) efficiency of BOD removal and
sludge age (in days) for the given operating data for conventional sludge
treatment plant :

Wastewater flow = 45000 ma/ day

Volume of aeration tank = 15000 m?3

Influent BOD = 250 ppm

Effluent BOD = 25 ppm

Mixed liquor suspended solids (MLSS) = 2500 mg/L

Suspended solids in effluent = 50 mg/L

Suspended solids in waste sludge = 11000 mg/L

Quantity of waste sludge = 220 m?3/day 15

8. (@) 2000 m R TF T ¥ TH TRE TGS G Th FE F 150 o 9 =R v R B}
e R AT F IR P @ AR § e Se-R R S 6| 36 m ¥ IR i
1 ngfd 8 2 F F A B, N T IRY F IR T 99 R AawrE wwEnts (o ™o Mo)
1 fruiw B sfwan @t F hwm wtn #w 1.5 AR i) wdn s, £ = 003,
Y W A 24 m/s R 99 @@ 80% AW <R

Water has to be supplied to a town with one lakh population at the rate of
150 litres/capita/day from a river 2000 m away. The difference in elevation
between the lowest water level in the sump and reservoir is 36 m. If the
demand has to be supplied in 8 hours, determine the size of main pipe and
horsepower (BHP) of the pumps required. Assume the maximum demand as
1-5 times the average demand. Assume coefficient of friction, J =0-03, velocity
in the pipe 24 m/s and efficiency of pump 80%. 20

URC-B-CVLE/42 11 [ P.T.O.




e v

o

{b} Whﬁﬁﬁmﬁwm%mwmm%ﬂmmmmm
* Tt 3 for fen s v R

fy Fraa aln i gfi ¥ e sraws e g9 m
(i} TF <0 HaEe A Al g sargea =i

With the aid of neat sketches, describe how a flow-mass curve could be used
for the determination of the following :

{iy Minimum storage needed to meet a constant demand

i} Maximum constant maintainable demand from a given storage 15

(¢ T ard aiEeFIE % HRY wEiate | 98y T ERen® R TwrerE warEt H 5=t i

Discuss the positive and negative impacts on environment due to river valley
projects, 15

e o
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